In a series of polybrominated biphenyl (PBB) feeding trials in White Leghorn cockerel chicks, the effects of PBB on various physiological parameters and organ weights were determined. These measurements included: growth, thyroid function, ECG, cardiac output, blood pressure, hematocrit, erythropoietin levels, and spleen, bursa of Fabricius, thyroid, testes, comb, liver weights. In addition, tissues were histologically examined. PBB, in the commercial grade form of hexabromobiphenyl, was administered continuously in the diet at levels ranging from 50 to 250 ppm. Pair-feeding studies were conducted to ascertain the effects of the drug per se since preliminary trials indicated that PBB administration resulted in decreased feed intake.
Introduction
The toxicological significance of exposure to polybrominated biphenyl (PBB) and its biological effects has generated widespread concern. The vast majority of scientific investigations on the commercial forms of brominated biphenyls has dealt with the toxicological effects in mammalian species. As a result of an accidental contamination of feed (1), emphasis was placed on dairy cattle and the ultimate implications for human health and safety. In a previous paper (2) the biological effects of PBB in several avian species were reported and compared to those of polychlorinated biphenyl, a compound similar in structure and one that shares both chemical and biological properties. The objective of this paper is to summarize various studies from this laboratory conducted on growing chickens exposed to continuous dietary levels of bromobiphenyl-62.8%, heptabromobiphenyl-13.8%, pentabromobiphenyl-10.6%, tetrabromobiphenyl-2.0%, other bromobiphenyls-1 1.4%) were employed for two reasons: (a) the chemical was identical with that involved in the accidental contamination by indirect means of poultry feeds and (b) the single dose toxicity in poultry is of moderately low order. Repeated exposure over short-term periods (4 to 8 weeks) more nearly duplicated what occurred in commercial poultry operations and demonstrated the cumulative toxic effect at levels considerably below the acute toxic level.
Effect on Body Weight
Polybrominated biphenyls are excreted in feces and in lipid-containing products; thus, adult male birds excrete less than females producing eggs (2, 3) , and in some species the male tends to be more susceptible to toxicological effects. In the following studies only male, cockerel chickens were used.
That PBB causes inanition and thus loss of body weight ( Fig. 1 ) has been previously reported (2) . In that review it was shown by data from our laboratory that the liver was enlarged, as was the thyroid. Induction of liver microsomal enzymes by PBB has been reported by several researchers. This induction of hepatic microsomal enzymes and the increased catabolism of endogenous hormones by the enzymes apparently accounts for the decrease in the comb size (2).
Effect on Cardiovascular System
In another study, 3-day-old White Leghorn chicks were divided into five groups and fed 0 ppm PBB (control), 75 ppm PBB, 150 ppm PBB, pair-fed to 75 ppm (control feed), and pair-fed to 150 ppm (control feed). At PBB significantly decreased packed cell volume and hemoglobin concentration at both dietary treatment levels. The action of this brominated hydrocarbon is apparently one of decreased erythropoietin production by the kidney and a direct action on the bone marrow (4). Bradycardia was observed at 150 ppm PBB administration, but mean arterial pressure was not influenced by PBB beyond that which occurred in the pair-fed controls (5, 6). Cardiac output decreased as a result of these dietary treatments with PBB, yet stroke volume remained unaltered. In general, electrocardiograms indicated decreased ventricular depolarization (R-S) voltage in PBB-fed birds, even beyond that of the pair-fed controls ( Fig. 2 ) and also exhibited a shift in the mean electrical axis in a positive direction (5). These electrocardiogram changes were correlated with increased pericardial fluid volume. At autopsy the hearts appeared flaccid, distended (7) and upon histological examination, edematous.
A possible explanation of the anemic condition reported could be that the liver enhanced microsomal enzyme metabolism of circulating androgens. An altered androgen level was exemplified by decreased comb size. The depressed concentration of androgen in the blood may have influenced erythropoiesis since testosterone injection into castrated males markedly increases red blood cell formation in chickens (8) .
Bradycardia has been reported for several species following chlorinated hydrocarbon exposure (9) (10) (11) (12) . The mode of action may be attributed to increased vagal tone but remains to be answered. The decreased R-S complex voltage observed was appar- distributed into four groups. Three groups were exposed to PBB for varying periods i.e., 1 to 14 days, 1 to 28 days, and 1 to 42 days. Following the exposure period, the chicks were placed on control diet until being killed at 42 days of age. A fourth group was given the control diet.
The results are graphically shown in Figure 3 . Body weight was depressed as was the weights of the bursa of Fabricius and spleen. Thymus tissue, being difficult to remove and weigh, was scored from 1 to 5, with 5 connotating the largest mass. The score indicates that thymus tissue also decreased. When the organ weights were calculated relative to body weight (Table 1) , the data indicate that 150 ppm of PBB depresses the organ weight and, that despite the removal of PBB from the diet, recovery of organ weight does not approach that of the normal weight. April 1978 Histologically (Fig. 4) the bursa showed marked depletion of lymphocytes from the normal density packed cortex and almost complete depletion of lymphocytes from the medulla. Withdrawal of PBB at various ages improved this picture but did not approach that of the normal control. It was evident that PBB caused premature regression of the bursa. The thymus (Fig. 5 ) also exhibited premature regression evidenced by almost complete loss of the cortex and depletion of lymphocytes from the remaining medullary tissue. Again, removal of PBB caused less regression but histologically the tissues were not normal. The spleen of chicks continuously fed PBB (Fig. 6) showed almost complete loss of "'germinal centers" and reduction in the diffuse lymphoid tissue (white pulp). In one chick, only red pulp tissue was observed, all white pulp having been depleted. 251 
.
Environmental Health Perspectives spleen weight was significantly depressed in 4-week-old chicks fed levels just above 50 ppm PBB from day of age. However, in a pair-feeding study 50 ppm was shown to significantly alter the weight of the spleen since inanition caused the relative spleen weight to be increased above control values (see Fig. 8 ).
Whether the histological changes and weight changes in the organs of the immunological system reflect on the immunocompetence of this system remains to be clarified. Vos and van Genderen (14) indicated that humoral immunologic responses were impaired by hexabromobiphenyl.
Data reported in this paper were derived from that published in the theses of Edward H. Kowaleski 
